This paper aims to carry out an analysis of fuzzy clusters in the Brazilian automotive industry to contribute to the analysis of the relative importance of these economic activities in the national productive structure and in their regional contexts. The intention is to assess whether, once they have been established in the structure of a determined region, the economic activities of the industry establish productive relationships similar to other industries to the point of leading an industrial group in the regions or in the national economy.
INTRODUCTION
In the nineties, the automotive industry stood out in the international scene due to investments made in emerging markets such as India, China and Brazil. In the case of Brazil in particular, the macroeconomic and political ambient that was aimed towards modernization and increased capacity for production and greater economic integration of the industry in Mercosur, became extra stimuli for new investments in the sector.
With the Regime Automotivo (system of tax benefits for car manufacturers) that was set up in 1995, the automobile manufacturers benefited from special import tariffs for products from other Mercosur countries. From that period onward, state governments that hoped to capture future investments in the industry, broadened incentives. The result was a fiscal war in the Brazilian economy in the late nineteen nineties. the production of cargo vehicles and attenuating the deterioration of the balance of payments resulting from increased imports of cars and spare parts. As a result, at the end of the Kubstischek administration, around half of car production consisted of passenger vehicles and the rest was made up of utility vehicles and trucks (Baer, 1995) .
According to Santos & Burity (2002) , the concession of quotas for the import of spare parts that were not produced in the country, the exchange rate favored importing equipment and tax exemptions for the importation of components for automobiles, were some of the exchange rate and fiscal incentives adopted by the government at this time.
In the seventies, the BNDES was responsible for the financial support and numerous restructuring programs for industries without access to affordable and more long-term credit by way of specific programs, one of them for the spare automobile parts industry. The National Development Plan (II PND) also deserves to be mentioned. Nevertheless, after the petroleum crises and the II PND, divergences arose between the public and private sectors (Bedê, 1997) .
In the early nineties, the state became involved in making policies to strengthen the industry once again. As highlighted by Bonelli & Veiga (2003) , in no other industry "was incentive so extensive and industrial policy so explicit" during this time.
Policies were adopted from the start of the decade, as shown in Table 1 below. 1992: Industrial Arbitration Process. Targets set for prices, production and export, jobs and salaries negotiated with industry, suppliers, trade unions and government. Reduction of taxes (industrialized product tax and ICMS) enforced to increase demand
Itamar Franco (1993 -1994 ) February, 1993 : Arbitration process of the industry is renegotiated. New goals are established.
April, 1993: fiscal incentives are given to cars in the lower price range; industrial product tax falls to 0.1%, ICMS is reduced and exceptions are made for COFINS.
October, 1994: Government lowers tariffs to 20% (which was the goal only for 2001)
Fernando Henrique Cardoso (1994 ( -2002 ( ) February, 1995 new meeting for industrial arbitration process (tariffs again increased to 32%, industrialized product tax for low price cars is raised to 8%) March, 1995: tariffs raised to 70% June, 1995: New policy established by the government (import quotas, reduction of tariffs to 2% for equipment and components associated with exporters, incentives for investments are givenaccelerated depreciation). Import of cars from Argentina is exception to the new measures.
Source: Laplane & Sarti (1997) With a view to restarting investments and the promotion of exports via increased competitiveness, the Brazilian government adopted the Regime Automotivo in 1995. The program established increased protection for the industry and was reformulated in 1997 to involved less developed states. Besides a fiscal incentive package for companies to set up in Brazilian states as a whole, there were added incentives for plants to be opened in the Northern, North-eastern and Central-Western states (Bonelli & Veiga, 2003; Laplane & Sarti, 1997; Santos & Burity, 2002 ).
According to Santos & Burity (2002) , the plan allowed a reduction of 50% on import tax for vehicles for companies that were already producing or involved in producing in the country. Furthermore, there were drastic tax reductions on the import of industrial goods, tools and molds for raw materials. The results of the tax cut were seen in the spare parts industry, affecting its prices. Besides the import tariffs, the IPI (tax on industrialized products) for industrial goods, raw materials, spare parts, pneumatics and packaging material were also reduced.
In the case of previously established companies, average nationalization indices of 60% were required. For new companies, this index was 50%, as well as a compensation system for imports and exports. In 1995, at which time the import tax rate was 70%, with the Regime Automotivo program, the same taxes were set at 35%.
A special trade agreement between Brazil and Argentina established the Brazil-Argentina Automotive Agreement of 1995. The difficulties of commercial relations between the two countries, however, were made clear with the devaluation of the real against the peso in January, 1999. From 2000, a common policy was established between the two countries for the industry to be in force from 2000 to 2005 (Bonelli & Veiga, 2003; Bonelli, 2001 ).
The concession of incentives, however, was not restricted to the federal government. Among the policies of the states to attract new investments, Santos & Burity (2002) and Bonelli (2001) have witnessed the use of measures that vary from the use of direct expenditure with financing and participation of capital, to support in supplying infrastructure and the process of simplifying bureaucracy. The most widely criticized measures, however, are those which compromise the revenue of the ICMS (Tax on the Circulation of Goods), the main source of income for state governments. It is these last measures that justify the term fiscal war used to characterize the behavior of the governments of several states during this period.
The widespread use of tax reductions and exemptions 5 from the ICMS tax was accompanied by a variety of other measures. In the case of Rio de Janeiro, the new units of Volkswagen were given a five-year tax deferral for 75% of their ICMS tax, benefits of infrastructure and had natural gas, digital telephones, water and electric energy at their disposal. These were practically the same benefits offered for the installation of the bus and truck factory in Resende. The donation of industrial plots of land was the measure adopted by the government of the state of Paraná to entice Renault to open their factory in the state.
The effects of the fiscal war, however, have been a matter of debate in literature. According to Perobelli & Piancastelli (1996) , the fiscal war is simply a fiscal renunciation and is harmless. The authors argue that the adoption of a similar set of instruments by states reinforces the question of location as a decisive factor in the flow of investments. Bonelli (2001) suggests that the real beneficiaries of the reduction of the ICMS tax are the multinational companies who assemble cars. According to this author, companies were given an opportunity to set up their plants at an extremely low cost and that they would have set up in Brazil anyway even without all these benefits.
The author argues that the states may be the losers here since, at the time of his study, there were no papers to estimate the cost-benefit relationship for regions that had given these tax incentives, simultaneously assessing the impact on the creation of jobs and income
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; and the cost resulting from the loss of revenue and the expenditure with infrastructure, electricity, water and sanitation, donation of land etc. Arbix & Rodrigues-Pose (2001) agree with the former viewpoint by defending that territorial competition was nothing more than high expenditure. In the view of these authors, any well-being that the industry stimulates is neutralized by the direct and indirect costs of attracting investments. From a global stance, this territorial competition implies closing other plants and, therefore, leads to the reduction of economic activity and increased unemployment nationwide.
The set of policies in favor of the automobile industry in the nineties led to the effective widening of production capacity and modernization of industry. The efforts of this restructuring were seen, especially in production levels, jobs and foreign trade, which we will examine more closely in the next section.
The panorama of the nineties in the Brazilian automotive industry
From 1990 to 1993, the production of autovehicles -cars, light commercials, trucks and buses -doubled in the Brazilian economy, rising from 914,000 to 1,800,000 units. This growth was sharper in the production of passenger vehicles, the volume of which rose from 663,000 units in 1990 to 1,500,000 in 2003.
This growth mostly took place from 1990 to 1997, with a sharp retraction in 1998/1999, picking up again in 2000. This retraction is linked to the slowing of the internal market, and the larger part of production is destined for domestic consumption 7 .
Increased production reflects in part the modernization and increased capacity for production in this sector of Brazilian industry. Besides the reflections in production, the outcome of modernization in the industry has been less use of labor. In 1990, the production of autovehicles provided 117,396 jobs in Brazil. In 2002, that number had fallen to 81,737, in other words, only 70% of those registered, according to the data presented in Figure 1 . (2004) The reduction in the number of people employed is largely a result of automation and robotization of some plants during this period. The industry has also undergone intense internal restructuring for production 8 . 7 In 2003, around 71% of autovehicle production was destined for the domestic market (Anfavea, 2004) 8 for further details on the internal restructuring of the companies with a view to establishing more suitable standards of efficiency with lean production methods, see Salerno (2002) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 According to the estimates given by Anfavea (2004) , in 2003, the automobile industry comprised a total of 48 plants, in seven states and 27 cities and towns. Of these 48 plants, around 22 were inaugurated from 1996 to 2002. With capacity to produce 3.2 million vehicles per year, this industry accounted for around R$10 billion in direct taxes and R$1.5 billion in indirect taxes. According to Anfavea, the automobile industry, including agricultural machinery and automotives, is responsible for creating 92,000 direct jobs and in that year established inter-industrial relations with over 200,000 companies and 3,700 showrooms. Its GDP, including the spare parts industry, accounts for around 13.5% of industrial GDP in Brazil and 4.5% of the GDP on the whole.
According to what has been seen in the production of autovehicles, the spare parts industry grew until 1997. In the following years, the volume of sales in the industry cooled. Exports grew by 82% from 1990 to 1992. on the other hand, the installation of new foreign companies in Brazil and the global strategies adopted by these companies led to a significant increase in the imported volume of the sector. Thus, the volume of imports that was US$837,000,000 in 1990, had increased around five times by 2002, reaching US$3.9 billion.
When it comes to the investments made in the sector during this period, the volume grew until the late nineties, especially from 1995 to 1998. in the next section, some aspects of the investments in this industry in the nineties are highlighted, as well as their reflections on regional configurations.
Investments and recent regional configuration
In the nineties, worldwide companies announced investments in the Brazilian economy with a view to establishing new plants or restructure the old ones. Companies such as Fiat, Ford, General Motors and Volkswagen increased their presence on the domestic market, while others such as Mercedes and Renault set up new plants. The huge investments in this industry in the nineties are similar to those seen during the initial period of their installation (Arbix & Rodrigues-Pose, 2001 ).
Indeed, the investments made in the automobile industry were expressive. The amount exclusively put into the production of autovehicles from 1990 to 1992 was over US$18 billion, with 80% of this total made after 1993 (Anfavea, 2004) . The regional guidance of these investments, however, varied a great deal. According to data from Anfavea (2004) and from Santos & Pinhão (1999) , it is possible to systematize them by region, as shown in Table 2 .
Several reasons are mentioned to explain the regional deconcentration of this industry and the degree of importance attributed to each of them differs throughout the literature. Arbix & Rodrigues-Pose (2001) highlight that in the past, there was qualified labor and superior infrastructure in the South-east and that led to greater development in this region. More recently, the relatively lower cost of labor in the other regions of the country and improvement in the quality of skilled labor have led to deconcentration. When it comes to salaries, there is certainly better organization of trade unions in the South-east with greater bargaining power in the industrial ABC region of São Paulo. In the city of São Paulo, there are also the effects of pollution and traffic congestion. Therefore, the Brazilian automobile industry, which has always historically been concentrated in São Paulo state and the South-eastern region of the country, has recently shown signs of deconcentration to other parts of the country. Table 3 below shows the current regional configuration of the main companies in this industry The Ford project, initially set up in Guaíba, Rio Grande de Sul, expected investments of half a million dollars and a capacity for 100,000 units of vehicles (Cavalcante & Uderman, 2003) . Other investments such as those announced by Mitsubish, Ásia and Hyundai were not made owing to the Asian crisis. Even with the recent regional deconcentration moves, the volume of production in the state of São Paulo is still higher than the other states. According to Anfavea (2004) , around 53.4% of Brazilian car production is done in this state. Minas Gerais, Paraná and Bahia are next in line with 20.1%, 7.6% and 7.5% respectively in volume of production.
METHODOLOGY 10

Input-Output Model
This paper is based on the input-output model developed by Wassily Leonteif. The model relates the information of flows of input and output for each of the sectors of an economic region during a determined period of time (Feijó et al., 2001; Leontief, 1986) .
In mathematical terms, the relationship between sectors may be represented by a system of linear equations in the form of a matrix so that each of the equations describes within the economy the distribution of a product from a certain industry or sector. The economic interpretations to be had from the use of the model come from the resolution of this system of equations by way of an inverse matrix and other algebraic derivations of the model (Miller & Blair, 1985) .
According to Miller & Blair (1985) , the fundamental aspect of the model can be expressed by the equation:
-1 represents the Leontief inverse matrix.
X represents the production vector;
Y represents the final demand vector;
A represents the matrix of technical coefficients of the sectors;
Equation (1), by multiplying the final demand vector Y by the Leontief inverse matrix, allows us to measure the total impacts caused by exogenous shocks resulting from the variations of the final demand components (consumption by families, exports and private investment).
The inter-regional input-output models are more suitable when the intention is to analyze the interactions between economic regions. According to Miller & Blair (1985) , an inter-regional model for two regions L and M, can have its coefficients matrix represented in matricial terms as:
The vectors X L and X M will constitute the total production vector, X
The final demand vector, Y will be composed of the vectors
The complete inter-regional model can be represented as:
Considering in equation (7) 
Comparing equation (9) 
, which would be equivalent to a model from a single region, we can see in equation (9) the following additional term:
The above equation represents the regional feedback effect.
Fuzzy clusters 11
One of the more relevant contributions in literature concerning the methods for identifying clusters based on the input-output theory can be found in Czamanski & Ablas (1979) . These authors discuss and analyze fourteen studies that seek to identify clusters and industrial complexes. Other works also deserve to be mentioned, such as Streit (1969) , Bergsman et al (1972 Bergsman et al ( , 1975 , Roepke et al (1974) , Blin & Cohen (1977) , Bergman (1997) and Hewings et al.(1998) , Oosterhaven et al. (1999) and Hoen (2002) .
11 For a detailed discussion on this topic see Cecchini (2005 
One aspect in which the method used in this paper differs from most of the methods used in literature is the type of cluster identified. Most methods allow for the identification of clusters formed by a limited number of sectors, identifying crisp clusters. In these analyses, the sectors belong to only one cluster and it is not possible to allow participation in more than one cluster at a time, which leads to analyses that are far from economic reality.
To this end, Czamanski (1974) utilizes four different coefficients in one of the first attempts to evaluate clusters according to the most important sectors. More recently, Dridi & Hewings (2002) utilize the analysis of fuzzy clusters, seeking to take into consideration the complexity of the productive relationships in the establishment of sector groupings. The method does not require the researcher to choose arbitrarily the values of restrictions required by other methods. It is fundamental to add that the groupings are identified in such a way that all sectors of the economy belong to a certain cluster in varying degrees. These characteristics were preponderant in the choice of method used in this paper, which will be dealt with in further detail later.
The sector groupings, or clusters as they are called in this paper, do not restrict their relationships for the purchase and sale of inputs to a small number of activities in the productive structure, even when there is great similarity between them. On the contrary, the sectors establish input purchase and sale relationships with a high number of sectors. In other words, it is possible that some activities, when grouped together according to the input purchase and sale relationships, belong to more than one cluster at a time.
Utilizing the fuzzy set theory, it is possible to carry out an analysis that takes this fluidity of the productive structure into consideration. Dridi & Hewings (2002a) An application of this method in a study of the Brazilian economy can be found in Simões (2003) . The author utilizes the fuzzy cluster approach to identify spatial industrial complexes in the state of Minas Gerais, applying the method in a way that is similar to its use in this study. This paper, by utilizing the use matrix data, requires a decomposition of that matrix in order to obtain distances between sectors. This method, called dual scaling, will be outlined in item 3.2.2 of the following section, which seeks to specify the methodology utilized.
Identification of fuzzy clusters
The method for identifying fuzzy clusters is described below, as demonstrated by Dridi & Hewings (2002a) .
Considering X as a finite set of points, and a generic point, x, a fuzzy subset of X, denominated A, will be characterized by a function of membership,  A (x) that will associate, at each x point, a coefficient within a real interval of [0.1].
Thus, the subset, fuzzy A is a set of ordered pairs
is the membership coefficient of the x element in A.
If we let A k,, k = 1, ...K, all the subsets of a universal set X, have the following properties:
The authors mention controversies concerning the format of the membership function, especially because this type of function is determined ad hoc, and adopt the proposal of Kaufman & Rosseeuw (1990) To the authors, this method has advantages over the other models of fuzzy cluster analysis. This is because this method minimizes errors by utilizing a unitary distance exponent whereas in other methods, the distance is squared.
The fanny algorithm classifies r objects (in this case sectors) into k clusters based on the observation of s characteristics, or observations of a variable. Obtaining the s characteristics requires a decomposition of the use matrix by using a dual scaling technique which will be demonstrated below.
Dual scaling
The dual scaling method is a descriptive, multivaried analysis technique introduced by Nishisato (1994) . Its application in the input-output matrix allows for the decomposition of the complexity of associations that are established between the sectors of the productive structure.
According to Dridi & Hewings (2002a) 12 , the technique applied to a contingency 
With the first order conditions:
 By pre-multiplying by x' and organizing the terms, equation (14) can be rewritten thus:
Which, pre-multiplied by 1 c D  , gives us the following eigenequation: The application of this technique in the input-output table allows us to obtain two matrixes: one which establishes s weights for the columns of dimensions c versus s, in which c is the number of columns in the original matrix. The second matrix establishes s weights for the rows and their dimension will be r versus s and r is the number of rows in the original matrix. Therefore, the resulting matrixes are utilized to calculate the Euclidean distance between the rows and columns. The next step consists of the realization of the cluster analysis based on the distances calculated from the pondered matrixes. The number of clusters analyzed must be the highest possible (Simões, 2003) . For this work, S-PLUS software was used, whose fuzzy cluster analysis is obtained by the fanny algorithm and allows for a maximum number of clusters, so that 1 2
, where s is the number of solutions found, as described in the dual scaling procedure.
Thus, the result of the cluster analysis consists of a matrix formed by vectors expressing the membership coefficients of each of the sectors that form the clusters identified in the economy. These matrixes are called membership matrixes.
The membership information subsidizes a preliminary analysis of the productive clusters.
Other measures, like those given below, can be employed to characterize better the importance of the sectors in each of the clusters identified.
Involvement of the Sectors
According to Dridi & Hewings (2002b) , the relative importance of a cluster can be obtained through the coefficient called involvement, defined as: 
 
Thus, the highest values of this involvement coefficient indicate the most important sectors of the cluster, with leadership of the cluster in question. In their turn, the lower values indicate the sectors with secondary importance in the cluster, in other words, the sectors that supply support to the main activity of the cluster.
Subsethood
This is an indicator for assessing how much a fuzzy set is present in another fuzzy set.
It is defined as:
Therefore, D (B,A) expresses the subsethood of cluster A in relation to cluster B. The subsethood matrix expresses the mutual dependence of the clusters in the productive structure.
RESULTS & DISCUSSION
The clusters identified in this paper are called fuzzy clusters because the participation of all economic activities in a productive grouping are considered. The most important activities in a cluster are called leader activities, and the others are called support activities to the production of the final goods of the cluster.
The first step in the identification of clusters consists of decomposing the use matrix into a similarity matrix using the dual scaling method. This procedure results in two similarity matrixes: one referring to the relations of purchase and the other to the relations of sales in the economy. The two resulting matrixes have m x n dimensions, where m is the number of sectors in the economy and n the number of variables of solutions found in the decomposition of the original use matrix. The vectors that constitute these matrixes, therefore, match each of the n similarity variables found in the decomposition of the matrix to the different economic activities.
The number of variables found will be utilized to define the maximum number of clusters in the economy 13 .
The resulting matrixes are submitted to a fuzzy cluster analysis and as a result produce membership matrixes, m x c dimensions, in which m represents the number of sectors in the economy and c is the number of clusters identified. These matrixes present the degree of relationship of each of the sectors of the economy to the clusters. The sum along the row that represents each sector of this matrix is one.
Based on the information of the membership matrix, we obtain the involvement matrix.
This matrix has m x c dimensions, where m represents the number of sectors in the economy and c is the number of clusters, as in the original matrix. Contrary to the previous matrix, the values along each column add up to one, so that the degree to which an economic activity belongs to or is involved with a cluster can be measured in relation to the other economic activities belonging to the same cluster. According to Dridi & Hewings (2002a) , this information is a more precise measurement to assess the relationship of economic activities in established clusters. Once the clusters have been identified, the subsethood between clusters is measured.
In this paper, the clusters were identified from the viewpoint of the inter-regional and isolated region system for 1999, and the national viewpoint, based on the national input-output matrixes of 1990 and 2002. The results are discussed in more detail below.
Inter-regional system
The decomposition of the inter-regional system utilized, composed of 186 economic activities, allows us to identify the maximum number of 91 clusters. Table 4 shows each of the clusters identified according to the purchase profiles, according to the activities that show the larger membership coefficient. These activities are called leader activities of the cluster. The 13 The procedure is carried out using SPLUS software.
clusters are shown in the order in which they are identified by the method. Thus, the first cluster shown is led by the activity of Food products in the North.
In Table 5 , we see the economic activities that lead the clusters, considering the sales profiles of the inter-regional system. This table can be read in the same way as Table 3 It is worth mentioning that the identification of a cluster in the. North, North-east and Central West must be assessed with caution since the method identifies clusters according to the similarity in inter-sector relations, not taking into account the value of the total production of the sector. In these regions, the results may indicate the potential for development of a cluster.
A fundamental aspect is that the productive relevance of the automotive industry in the rest of the South-east and São Paulo is not captured by the method when using the inter-regional system. In other words, the automotive industry of the rest of the South-east is not among the activities that present the highest values for the involvement of sectors in the automotive clusters in the North, North-east and Central West. This behavior is expected since involvement is a measure of the importance of sectors in the clusters. However, the method does not consider the value of the total production of the sector, but rather the input values.
In order to observe how clusters relate to one another, it is possible to assess their As suggested by Dridi & Hewings (2002b) , the option was to consider the subsethood of those values that were above the average, i.e. over 0.5. Thus, seeking to observe the dependence between clusters in the whole inter-regional system, Figure 3 shows a matrix with these values estimated for the clusters according to the purchase profiles. In this graphic matrix, values above 0.5 appear highlighted in red, whereas those below average are in blue.
Note that in the main diagonal of this matrix, all the values are above average.
In truth, the diagonal expresses the subsethood of a certain cluster with itself. Thus, the values found in the main diagonal will always be maximum, therefore equal to one. The clusters appear according to the order in which they were found in the cluster analysis. According to the Figure, In Figure 4 we can see the dependence subsethood of clusters according to Sales profiles. The interpretation of this figure is similar to Figure 3 . In general, this subsethood is much lower than the clusters according to purchase profiles. This behavior may be explained by the fact that many sectors that produce final goods, supply their products directly to final demand.
In 
Clusters in isolated regions
Evaluating regions in an isolated way and, therefore, not considering the inter-regional flows, the results are seen to be very similar from region to region. The clusters identified in relation to the sales profiles and purchase profiles were mostly the same in all the regions analyzed, as can be seen in Tables 6 and 7 respectively. These tables indicate the economic activities that led clusters in six regions. Thus, we see, for example, that the mineral extraction leads cluster in each of the regions. Table 6 . Clusters identified according to the purchase profiles of isolated regions activity in leadership; on the contrary, there were several economic activities with extremely low membership coefficients.
Even though the same economic activities led most of the clusters between regions, the dependence between clusters, not considering the flow between regions, is quite different.
Following this logic for the analysis of clusters in the inter-regional system, Figures 5 and 6 show in red the subsethood between above-average clusters in the region.
In general lines, we see greater relationship between the clusters when it comes to purchase profiles. As mentioned beforehand, in the case of the inter-regional system, this accounts for why sectors that produce final goods supply their products directly to final demand.
We also see that the clusters of the North-east, North and Central West regions are less dependent on each other in comparison to the other regions analyzed.
When it comes to the automotive industry, the only economic activity that appeared as a leader in a cluster is Trucks and Buses in all regions. This activity is represented in the following figures by clusters (7) in the North, North-east and Central West regions and São Paulo, (8) in the rest of the South-east and (6) in the South, according to the purchase profiles.
As for the sales clusters, it leads clusters (7) in the North, (9) in the North-east, (8) in the Central
West and the rest of the South-east and (6) in São Paulo and the South. In general, this activity shows a subsethood in relation to the other above-average clusters. 
National Clusters
The identification method was applied to the matrixes of the Brazilian economy for 1990 and 2002. In Table 8 , we can see the clusters identified according to the purchase profiles and according to the sales profiles for the two years. As for the automotive industry, the activity Other vehicles and parts stands out as it leads a cluster during both periods. It is worth remembering that the methodology applied is still preliminary, proposed by Dridi & Hewings (2002a & 2002b 
CONCLUSIONS
The aim of this paper has been to carry out an analysis on the importance of the Brazilian automotive industry through the analysis of fuzzy clusters. Studies of this nature, especially those dealing with the Brazilian economy, face difficulties and limitations owing to the utilization of input-output matrixes and estimated inter-regional systems.
In the case of national matrixes, the latest official data made public by the IBGE (Brazilian Institute of Geography and Statistics), used in this paper, were from 1996. Therefore, it was necessary to estimate the matrixes for 1996 to 2002 using information from the National System of Accounting as a basis for these years. The information about the inter-regional system was obtained from set of data that comprises several research projects.
Even with all the criteria utilized to obtain the information on the flow of Brazilian inputoutput matrixes, such as methods of consistency between regional and national systems, the data could still be refined. However, it is necessary to emphasize that possible improvements depend above all on the availability and precision of information at regional and sector levels from complementary data bases. At the moment, even with the advances in the research of the IBGE and some sector institutions, the difficulty to obtain more detailed information on the North, North-east and Central West regions of Brazil and some sectors, especially those informally involved in the economy, still remains.
The methodology of analysis used here has some advantages over traditional cluster analysis methods that identify crisp clusters, which generally require arbitrariness on the part of the researcher and do not consider the fact that a sector may be present in more than one cluster of the economy. In the fuzzy approach, the groupings do not exclude all economic activities belonging to the groupings. The need for methodological sophistication is more evident in the analysis of clusters in the inter-regional system. This is because the data does not clearly indicate the relevance of the activities of São Paulo and the rest of the Southeast in the clusters of the other regions. An interesting alternative to perfect the analysis, may be to study the possibility of considering the value of production in the pondering of the data submitted to cluster analysis.
The method, in its turn, provided interesting results in the analysis of the national productive structure. The analyses show that with the opening of the economy and the consequent entry of imported products into the Brazilian economy in the nineties, the national clusters showed less dependence on each other, reflecting the lower dynamism in the productive relationships of the national economy. In other words, the results suggest that with the opening of the economy to international commerce, the productive relationships between domestic clusters became more fragile.
This paper has contributed to applying an analysis methodology that has been little used and explored in studies that make use of the input-output theory. To this end, the difficulties and limitations found in the application of the method can be seen as stimuli do developing future studies.
